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Edited by Horst FeldmannAbstract We developed a new generic ﬂuorescence sensing
technology based on the change of relative intensities between
two well-separated emission bands of the novel functional 3-
hydroxychromone (3HC) dyes. A greatly enhanced self-calibrat-
ing wavelength-ratiometric response is obtained to all major
types of non-covalent interactions that can be used in sensing –
to polarity, hydrogen bonding ability and to local electrostatic
ﬁelds. This technology may ﬁnd a broad range of applications
– from homogeneous assays in solutions to microarrays, micro-
ﬂuidic devices, nanosensors and whole cell imaging systems. It
allows transforming micelles or phospholipid vesicles into nano-
sensor devices. In cellular research a high sensitivity to mem-
brane potentials can be obtained and the membrane changes
during apoptosis detected.
 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Apoptosis1. Introduction
The key issue in biosensing is the detection of sensor–environ-
ment or sensor–analyte interaction by its transformation into
measurable signal. Florescence is known as the most popular
detection method in sensor technologies. It allows achieving
the highest possible absolute sensitivity (up to detection of single
molecules) together with high spatial resolution, which allows
obtaining cellular images and operating with dense multi-ana-
lyte sensor arrays. Themolecular level operation of ﬂuorescence
reporters allows creating smart molecular sensing devices. Their
attachment to the surfaces or integration into nanoparticles en-
dows new functional possibilities without changing the basic
mechanism of response. Homogeneous assays in liquid media
can be developed into nanosensor technologies, in which self-
assembling, magnetic and optical properties can be explored inAbbreviations: ESIPT, excited-state intramolecular proton transfer;
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vices (MFD) allows reducing the detection volume to nanoliters
and thus increasing the sensitivity manifold. Heterogeneous as-
says transform into multi-analyte microarrays (sensor chips),
which makes simultaneous detection of several hundreds, even
thousands of analytes possible. Use of ﬂorescence technology
in two-photon and confocal microscopies permitted to taking
of three-dimensional images of the living cells, which is not pos-
sible with any other sensing technique.
The limiting factors in these applications are the optimiza-
tion of ﬂuorescence properties of reporter dyes, their coupling
with molecular recognition units (binders), and the choice of
optimal detection method. Since synthetic chemistry provides
tremendous number of putative ﬂuorescent organic dyes, their
selection and adaptation requires a deﬁnite strategy. However,
the options in detection methods are more limited and include
measuring ﬂuorescence excitation and emission spectra, and
also the relative intensities, polarizations and lifetimes of emit-
ted light at particular wavelengths. Here we present the results
on the development and the application of a generic methodol-
ogy that is based on switching of ﬂuorescence intensity be-
tween the two ﬂuorescence bands in response to the changes
of their intermolecular interactions with the environment.2. Fluorescent dyes with intrinsic response function oﬀer
substantial advancement over ‘‘irresponsible’’ dyes
The ﬁrst and still common applications of ﬂuorescence dyes
in analysis are similar to that of radioactive tracers and are re-
stricted to just labeling and visualization of necessary analyte
compounds or of their binders. In common DNA hybridiza-
tion assays, the whole pool of potential analytes is labeled with
ﬂuorescent dye, subsequently the analyte is detected after
washing-out of the unbound compounds. Similarly, in micro-
arrays for detection of antibodies, the ‘‘sandwich’’ assays are
frequently used, where the primary binding of unlabeled ana-
lyte is determined by addition of labeled binder. Disadvantage
of this approach is obvious: incubation and washing steps are
necessary to remove unbound labeled compounds. This ap-
proach is time consuming and indirect, it allows the detection
of only the analytes with a strong binding aﬃnity. In cellular
research these dyes are used as ‘‘tags’’ for direct visualization
of particular compounds and of the structures formed by
them, but not for their quantitative assays.
On the contrary, a completely diﬀerent technique lies
behind the direct sensing methods based on application ofblished by Elsevier B.V. All rights reserved.
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ligent molecular device, a ‘‘ﬂuoroprobe’’, that responds imme-
diately and directly to the change in physical properties of its
molecular environment. When ﬂuoroprobe is coupled with a
molecular or supramolecular structure that provides selective
analyte binding (recognition), the constructed device turns into
a ‘‘ﬂuorosensor’’. By proper design of analyte recognition
functionality, the speciﬁc eﬀect of analyte binding can be made
stronger than non-speciﬁc eﬀects caused by the variation of
interactions with the medium. This approach is originated
from the ﬁelds of the so-called chemical sensing and the ion
sensing, in particular [1]. The ion recognition can be performed
by cyclic chemical structures, such as azacrowns, cryptands,
etc. These cyclic chemical compounds could be integrated with
the ﬂuorescent dye in such a way that electric ﬁeld created by
the ion inﬂuences on the ﬂuorescence response. Realization of
such possibility of a quantitative detection technique of biolog-
ically important targets, from small molecules to viruses and
cells, may lead to revolutionary changes in sensing and imag-
ing technologies. In this case an analyte can be sensed in any
medium including nanostructures, even within the living cells.
But extension of this approach to a broader scale applications
engenders many diﬃculties associated not only with the design
of speciﬁc binders but also with the ﬁnding of a proper dye and
of its response mechanism [2–4]. Thereby, we focus on the lat-
ter problems and suggest possible solutions based on applica-
tion of novel two-color wavelength-ratiometric ﬂuorescence
sensing technology [5].3. Fluorescence detection techniques used in direct sensing
The simplest spectroscopic parameter that can be used for
detecting the ﬂuorosensor response is the ﬂuorescence intensity
recorded at the band maximum. It features many disadvan-
tages caused by its dependence on sensor concentration and
diﬀerent instrumental factors (such as light source intensity)
[4], which makes calibration of output signal diﬃcult [2,3].
However, internal calibration of the output signal is essential
for some applications, such as cell imaging and multi-analyte
sensor microarrays. Even though internal calibration may
not be required for techniques such as anisotropy and lifetime
sensing, the results obtained by these methods are strongly
inﬂuenced by various ﬂuorescence quenching eﬀects. Thus,
for providing an eﬃcient self-calibration, the ways of utilizing
of the two channels of output information should be found [2].
This principle is actually applied in ﬂuorosensor constructs
possessing two labels. They involve introduction of second ref-
erence dye into the system or applying the mechanisms of exci-
plex formation and ﬂuorescence resonance energy transfer
(FRET) between two dyes. However, it needs to be taken into
consideration that if two diﬀerent dyes are involved as report-
ers in sensing, there are always diﬀerences in their quenching
(reversible) and photodegradation (irreversible) properties.
Therefore, a single dye molecule has to be preferable. It has
to provide self-calibrating ratiometric response in the simplest
way, by changing ﬂuorescence intensities at two band maxima
located at diﬀerent wavelengths [3]. Meantime, the realization
of this idea is not simple. ‘‘Wavelength-ratiometric probes pro-
vide a straightforward means of avoiding the diﬃculties of
intensity-based sensing. However, few such probes are avail-
able (for pH and Ca++ only), and it is clear that they are dif-ﬁcult to create. . .’’ [6]. These words indicate that there were
many failing attempts made toward implementation of this
idea.
Many eﬀorts has been made to employ ‘‘polarity-sensitive’’
dyes that respond to changes of their environment by the shifts
of ﬂuorescence spectra [1,7]. Unfortunately these shifts in
molecular sensor interactions with its target are often small
and associated with signiﬁcant and not always predicted vari-
ations of intensities resulting in the reduction of resolution of
shift eﬀects [8]. Additional problems with use of these dyes are
caused by interpretation and prediction of these shifts, which is
often needed in a sensor design. To a quite similar extent they
respond not only to polarity but also to hydrogen bonding,
electrostatic interactions and formation of speciﬁc complexes;
however, these eﬀects cannot be resolved by recording a single
parameter, spectral shift. Therefore, in order to ﬁnd additional
parameters to characterize intermolecular interactions that re-
spond to sensorial changes, the eﬀorts of researchers are pres-
ently focused at ﬁnding the excited-state reactions that
generate new ﬂuorescence bands. There are several basic mech-
anisms that could allow generating two bands in ﬂuorescence
emission. Intermolecular electron transfer (IET) may occur be-
tween localized p-electronic systems and intramolecular charge
transfer (ICT) can be observed when these systems are coupled
but this coupling changes on absorption of light quantum [9].
But the obtained two-band responses are hard to adjust to par-
ticular requirements of biosensor applications or cellular imag-
ing techniques. Therefore, no attempts were made to adapt the
dyes with these properties to a broad range of applications.4. The new family of dyes reporting by switching the emission
color
Thus, the main focus has been on ﬁnding the dyes existing in
two excited-state forms that could provide two intensive bands
at diﬀerent wavelengths in ﬂuorescence spectra allowing them
to change their relative emission intensities in response to
variations in intermolecular interactions (Fig. 1). The family
of 3-hydroxychromone (3HC) dyes was found to be an ideal
candidate for the solution of this issue [10–12]. They exhibit
excited-state intramolecular proton transfer (ESIPT) reaction
that generates two well-separated bands in emission, one
(N*) belonging to reactant and the other (T*) to reaction prod-
uct states. Because of the rigidity of their skeleton, 3HCs are
the dyes in which the observation of two separate bands in
emission is not connected with the presence of any ground-
state structural isomers, thus the excitation spectra of two
emissive forms are identical. These dyes possess absorption
spectra at 400–460 nm with molar extinctions e = 30000–
40000 and quantum yields up to 70%. Wavelength separation
between N* and T* bands in emission is signiﬁcant and in some
cases exceeds 100 nm.
Like other environment-sensitive dyes, the basic mechanism
of new 3HCs’ sensor response to the change of intermolecular
interactions is in a change of energy gap between ground and
excited states. This leads to a change of energy of ﬂuorescent
emission and is observed as the spectral shift [1,7]. What is
not common, is that due to quite diﬀerent location of proton
and distribution of electronic charge in the N* and T* forms
[15] the energies of these states are diﬀerent and they change
to a quite diﬀerent extent on interaction with the environment
Fig. 1. The principle of two-band ratiometric ﬂuorescence sensing with
functional 3HC dyes. On excitation of any labeled molecular or
supramolecular structure (sensor array, microﬂuidic device, MFD, or
living cell) the ﬂuorescence intensity is distributed between two bands,
N* and T*, centered in green and orange-red regions of the spectrum
(above) due to establishment of dynamic equilibrium between two
excited-state forms (below). The sensing signal is produced by the
change of relative intensities of these two bands.
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sion so that the two forms emit after achieving the dynamic
equilibrium [13]. The shift in this equilibrium changes relative
population of these excited-state species producing a dramatic
change of the band intensity ratio. Thus, by this mechanism
the relative band shifts are transformed into the change of rel-
ative band intensities with a strong ampliﬁcation eﬀect in terms
of change of emission color as illustrated schematically in
Fig. 2.
It was demonstrated that the ampliﬁcation eﬀect in sensitivity
to intermolecular interactions can be modulated by proper
substituents. The substituent R groups (Fig. 1) can be the elec-
tron-rich aromatic rings to give 3-hydroxyﬂavones, 3-hydroxyf-
uranochromones and 3-hydroxybenzofuranochromones with
signiﬁcantly improved spectroscopic properties [14], and fur-
ther introduction of extra electron-donor groups in these rings
allows achieving large dipole moments of the N* (but not of the
T*) form [15,16]. This results in further increase in the sensitiv-
ity to solvent polarity (solvatochromism) [12] and to electric
ﬁelds (electrochromism) [10]. The sensitivity to hydrogen bond-
ing with proton donor groups [17] is due to the presence of
4-carbonyl, which changes its location on transition from N*
to T* form. The quantitative characterization of these proper-
ties of the environment can be made with a simple algorithm
that uses the positions of excitation spectra and of two bands
of ﬂuorescence spectra and their intensity ratios as input [11].The new eﬀect that we called ‘‘electrochromic modulation of
ESIPT reaction’’, was demonstrated with our 3HC dyes [10]. It
allows improving signiﬁcantly the sensitivity in response to
molecular scale electric ﬁelds by converting the electrochromic
spectral shifts into the ratio of ﬂuorescence intensities of the
two bands. Meantime, the most remarkable one of these eﬀects
is the sensitivity to polarity. It is so signiﬁcant that no wave-
length-ratiometric response from a single dye can cover the
whole polarity range, so a series of dyes responding in a quite
narrow polarity range by a nearly complete switching in inten-
sity between N* and T* bands have been synthesized. This al-
lowed adjusting the response to both very low [18] and to very
high [19] polarities, including aqueous media. A sensitivity of
intensity ratio of these two bands (IN=IT ) to various kinds
of perturbations is so dramatic that it enables us to use loga-
rithmic scale for quantitative analysis of the data.5. Protein labeling and incorporation into nanostructures
Functional groups for covalent labeling of proteins were
introduced into 3HC dyes [20], which opens the ways for their
applications in various types of protein and peptide biosensors.
Introduction of bromomethyl group at 6-position of chromone
ring made labeling of Cys and Lys residues possible. Due to
the presence of a positive charge, which causes a strong elec-
trochromic eﬀect at NH2 labeling site unlike SH labeling site,
these two types of labeling sites can be clearly distinguished
in two-band ﬂuorescence ratiometric response. The technique
based on labeling of a single –SH group has been used in the
studies of reorganization and interactions of subunits in a-
crystallin structure [21,22]. The new dyes could also be utilized
as protein ligands; for instance, they allowed characterizing the
speciﬁc drug binding site on serum albumin molecules [23].
With regards to sensing applications of these dyes, there are
two possible formats, (1) contact sensing (where the reporter
dye is directly involved in interaction with the target molecule)
[24] and (2) remote sensing (where the reporter dye is located at
a distant site and the sensing signal is transmitted by confor-
mational change of the sensor molecule) [8]. In the cited
research the wavelength-shifting dyes were used, and applica-
tion of two-color ratiometric dyes oﬀers new prospects.
A series of 3HC functional dyes was developed and tested
for incorporation into biomembranes [25,26]. Like many other
ﬂuoroprobes, the new dyes also sense the combined eﬀect of
polarity, surface charge and hydration (formation of hydrogen
bonds with water), but multiparametric approach [11] may al-
low distinguishing these interactions. It was shown that even
the structurally simple representatives of 3HC family dyes,
4 0-dialkylamino-3-hydroxyﬂavones, can provide a strong
ratiometric response to structural rearrangements [27], surface
charge/hydration [28,29], and the properties of the incorpora-
tion sites [30] in phospholipid membrane vesicles. For the lat-
ter case, two types of localization sites of these dyes have been
detected and characterized: those located close to bilayer sur-
face, in which the dye forms hydrogen bonds with water mol-
ecules, and those located deeper in the bilayer membrane
without hydrogen bond formation.
Although the wide range of possible application areas of
new dyes in chemical sensor and biosensor technologies re-
mains as a promising prospect for future developments mainly
depending on the design of proper binders, an immediate prac-
Fig. 2. The scheme illustrating the principle of signal ampliﬁcation in two-band ratiometric ﬂuorescence response. The two excited species (N* and
T*) are in dynamic equilibrium. For each of them the change of intermolecular interactions results in the change of energy separation between ground
(N or T) and excited (N* or T*) states. This results in the shifts of their ‘‘green’’ and ‘‘red’’ ﬂuorescence bands. These shifts are common and often
used in ﬂuorescence sensing. But because of the diﬀerence in structures, this change for the N* and T* forms is diﬀerent and may be even of diﬀerent
sign. Therefore the equilibrium in relative populations of two forms shifts in the direction of the form possessing lower energy, which gives higher
ﬂuorescence intensity from a more populated state. According to Boltzmann law the diﬀerence in state populations is an exponential function of the
diﬀerence in state energies. Therefore a strongly ampliﬁed response is observed in band intensity ratios in comparison with spectral shifts.
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can be incorporated as environment-sensitive ﬂuoroprobes
into nanostructures responding to a speciﬁc analyte binding.
For instance, the reverse micelle formations can serve as spe-
ciﬁc sensors for water in low-polar organic ﬂuids, if their com-
positions contain our 3HC dyes [31]. An ‘‘empty’’ micelle
binds water molecules with high aﬃnity causing certain
changes in micelle structure, which in turn inﬂuences the
microenvironment of the dye. As a result of these, we observed
the dramatic change of the ratio of intensities of two bands
(Fig. 3A). Even nanomolar amounts of water molecules in
low-polar solvents could be detected with application of this
technique.
Phospholipid bilayers may respond to binding of many
diﬀerent compounds by the changes in organization and
dynamics of their structure (and the general anesthetics are
the well-known examples). Therefore, bilayer vesicles with
incorporated ﬂuoroprobes may serve as nanosensors for the
detection of these compounds. We explored this idea for the
development of a prototype sensor for cholesterol molecules.
The alterations in phospholipid membranes occurring upon
incorporation of cholesterol are well-known. They are espe-
cially signiﬁcant for sphingomyelin bilayers due to their capa-
bility of forming very rigid structures, ‘‘rafts’’, with cholesterol
molecules. We produced sphingomyelin bilayers with embed-
ded functional 3HC dyes, and observed dramatic changes in
ﬂorescence color upon incorporation of cholesterol molecules
into these bilayer structures [32]. These experiments werereproduced with the application of a number of diﬀerent dyes
and the results of one of them are depicted in Fig. 3B.
It needs to be noted that in both structures, micelles and
phospholipid vesicles, the ﬂuorescent dye serves functionally
as ﬂuoroprobe of the environment, and so it does not interact
directly with analyte. But being incorporated into nanostruc-
ture that contains analyte in its composition, the ‘‘ﬂuoro-
probe’’ dyes respond to integral changes in these formations.6. The whole cell biosensor technologies
The top level of biosensors is a whole living cell itself that can
respond speciﬁcally to stimuli produced by multitudes of phys-
iological factors and drugs [33]. Many of these physiological
factors causing speciﬁc eﬀects on the physiology of living cells
can non-speciﬁcally bind to cell membrane changing its electro-
static potentials. These changes are mainly due to redistribution
of charged groups, dipoles and counter-ions in the bilayer
structure and are usually classiﬁed as variations of surface, di-
pole and transmembrane potentials [34]. These potentials are
well reproduced in vitro by phospholipid biomembrane models.
We developed a novel methodology in their studies by synthe-
sizing and employing a series of 3HC dyes that can be embed-
ded into the membranes at diﬀerent depths and orientations.
While the vertical orientation of the dye in the bilayer allows
sensing the steepest gradient of electric ﬁeld, the variation of
penetration depth can be used for characterization of diﬀerent
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Fig. 3. The ﬂexible nanostructures reverse micelles in hexane (A) and
phospholipids vesicles in aqueous buﬀer (B) produce a strong response in
ﬂuorescence of 3HC dyes to incorporation of water and cholesterol
correspondingly. In (A) the water:detergent (sodium bis(2-ethyl-
hexyl)sulfosuccinate) molar ratios (W0) are indicated. In (B) the
cholesterol:sphingomyelin ratio (Chol:SM) is 1:3. The probe 4 0-N,N-
diethylamino-3-hydroxyﬂavon-6-methyl-3-hydroxyolean-12-en-28-oate
was used.
Fig. 4. The confocal microscope two-wavelengths ratiometric images
stained with one of biomembrane-functional 3HC probes (3-(4-{4-[4 0-
(3-hydroxy-6-octyloxyﬂavonyl)phenyl]piperazino}-1-pyridiniumyl)-1-
propanesulfonate) in L929 cells without (A) and with the incorporation
(B) of 6-ketocholestanol. The ratios of the intensities of the N* band to
those of the T* band are displayed in pseudocolor by using the color
code on the left scale.
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electric ﬁeld eﬀects could be distinguished from orientation-
independent eﬀects such as polarity and hydration with incor-
poration of the dye molecules in opposite orientations.
This approach was applied for the studies of dipole potential
[26], which is the strongest, the most robust but still obscure
component of membrane potential that cannot be studied by
cell electrophoresis or microelectrode techniques. We demon-
strated that the compounds increasing or decreasing the dipole
potential upon their incorporation into the bilayer induced
opposite eﬀects on the response of our two-color ratiometric
ﬂuorescence probes.
Based on these ﬁndings, we have achieved visualization of the
changes in plasma membrane dipole potential in a single-cell
imaging [35]. We studied the incorporation of cholesterol ana-
log (6-ketocholestanol) that can increase dipole potential of cell
membrane substantially because of its own strong electrical di-
pole. The eﬀect of incorporation of this cholesterol analog into
membranes was clearly seen with a confocal microscope
(Fig. 4). Here the absolute intensity of the cell membrane image
is not very informative, since it totally depends on the local ﬂu-
oroprobe concentration and its location with respect to ﬂuores-
cence quenching groups. In contrast, the ratio of intensities ofthe two ﬂuorescence bands is independent on these factors
and reﬂects the true magnitude of dipole potential.
The two other components of biomembrane electrostatics,
the surface potential and the transmembrane potential, can
also be analyzed similarly by using 3HC dyes designed for
incorporation into membrane at diﬀerent depths. For example,
the changes of the surface potential can be probed by the dyes
located close to the polar head region [25,29]. Meanwhile, the
most important aspect of these applications is the correct mea-
surement of transmembrane potential, which needs to be mea-
sured temporally with a high resolution, in milliseconds. Being
reactive on much shorter time scale of ESIPT, the 3HC dyes
can provide a potential solution for the measurement of this
Fig. 5. Flow cytometry analysis of T lymphoblastoid cells with
induced apoptosis by treatment with actinomycin D. Cells were stained
by annexin V – FITC (ﬂuorescein isothiocyanate), propidium iodide
(PI) and novel 3HC dye 3-[4 0-(diethylamino)-3-hydroxy-6-ﬂavonylm-
ethyl(dodecyl)methylammonio]-1-propanesulfonate (F2N12S). Sorting
was made using the combination of response of Annexin V – FITC and
PI (A) and F2N12S and PI (B). In (A), Annexin V – FITC and PI were
selectively excited at 488 nm and their ﬂuorescence at 530 and 610 nm,
respectively, was collected simultaneously. Cells are sorted into living
(dark green), dead (purple) and apoptotic (blue) cell populations by the
absolute intensities of the two dyes. In (B), the PI ﬂuorescence
intensities are plotted versus the ratio of the two emission bands (T*/
N*, 585/530) of F2N12S excited at 407 nm. Living cells are in green,
apoptotic cells are in cyan and dead cells are in orange.
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vertical incorporation into the lipid bilayer has been developed
for this purpose (Klymchenko et al., submitted). This new dye
exhibits fast response to transmembrane potential changes by
variation of relative intensities of the two emission bands. Its
sensitivity is ca. 15% in the change of ratiometric signal per
100 mV, which has been so far one of the best results obtained
in a fast-response single molecule based probing techniques.
This dye has great prospectives for a wide variety of possible
applications for monitoring membrane potential in cell suspen-
sions and single cell imaging systems, especially in neurons
with their fast electrical activity.
Our methodology could be applied for observing diﬀerent
functional processes in living cells reﬂected by biomembrane
changes. Perhaps, one of the most interesting of these potential
applications is apoptosis (programmed cell death). Normal
cells are known to exhibit remarkable asymmetry of lipid dis-
tribution between inner and outer leaﬂets of cell membranes.
This asymmetry is lost during the early phases of apoptosis
in such a way that the anionic lipids that are characteristic
of inner surface translocate to the outer leaﬂet. This transloca-
tion causes to increase in the amount of negative charge at the
surface of the membrane, together with the increase of its
polarity and hydration. These cell membrane changes are de-
tected by ﬂuorescence wavelength-ratiometric response of a
specially designed 3HC ﬂuoroprobe (Klymchenko, et al., US
patent pending No. 60/724,772; Shynkar et al., in preparation).
This method has many clear advantages over commonly used
‘‘Ca++-Annexin V assay’’, for instance, incubation step in the
presence of high concentrations of Ca++ ions becomes not
needed. Our approach can be adapted to three diﬀerent prac-
tical applications – in ﬂuorescence spectroscopy of cell suspen-
sions, in confocal microscopy of individual cells, and in ﬂow
cytometry. In the latter case (Fig. 5) we observed much smaller
dispersion of measured parameters within the sub-populations
of living and apoptotic/dead cells. A combination with cell-
permeable dye (e.g. propidium iodide) allows obtaining quan-
titative measurement of relative ratios of living, apoptotic and
dead cells.
The proposed methodology is not likely to be limited only
to apoptosis studies. Since changes in spatial distribution of
anionic lipids were also detected on the surface of diﬀerent
cancer cells, it is likely that this approach could be easily
adapted for analysis of the development of carcinogenic tis-
sues and also for evaluating the eﬃciency of applied anti-
cancer drugs. Additionally, the appearance of anionic lipids
on the outer surface of cell membranes during activation of
thrombocytes is a known phenomenon, yet creating another
potential practical application area for monitoring the
blood-clotting events.
In summary, the new ﬂuorescence probing and sensing tech-
nology has been developed and its prospective applications to
proteins, biomembranes and the whole cells have been experi-
mentally demonstrated. This new technique exhibits extreme
simplicity of recording ﬂuorescence intensity at two band max-
ima combined with the possibility of obtaining strongly en-
hanced and internally calibrated ratiometric response. It
features broad-range applicability in both molecular, nano-
scale and whole cell levels. The main limiting factor in some
potential applications of 3HC dyes stems from their relatively
low photostability. Thus, the main emphasis of the future re-
search in this area should be on discovering more photostabledyes whose operation is based on the same ESIPT mechanism
(such as recently suggested 3-hydroxyquinolones [36]). The
principle of coupling of wavelength shifts with two-band ratio-
metric response in ﬂuorescence intensities resulting in a
strongly ampliﬁed sensing of diﬀerent intermolecular interac-
tions could be explored in future studies.
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